Objective: Carpal tunnel syndrome (CTS) is a common entrapment neuropathy. Differences in the clinical features and treatment outcomes of CTS between elderly and young patients remain debatable. We analyzed CTS in elderly patients to assess the differences in the characteristics of CTS between elderly and younger patients. Methods: We retrospectively analyzed patients who were operated for CTS between January 2010 and December 2016. Patients were diagnosed based on clinical features and neurological findings and operated owing to persistent symptoms refractory to conservative management. Nerve conduction study (NCS) and ultrasonography were performed preoperatively. Endoscopic surgery was performed under local anesthesia. Carpal tunnel pressure (CTP) was measured intraoperatively using the Spiegelberg intracranial pressure monitoring device connected to a parenchymal type catheter. Results: We performed 304 operations -48 wrists operated were in patients aged ≥70 years. No significant difference was observed in the sex distribution. The Elderly group showed more severe clinical symptoms (p=0.04), a higher frequency of thenar atrophy (p=0.02), NCS grades indicative of more severe disease (p=0.001), and more prominent median nerve swelling (p=0.04). Both groups showed similar CTPs before and after division of the transverse carpal ligament. Elderly patients showed poorer outcomes than those observed in younger patients (p=0.005). Conclusion: Our series demonstrated that elderly patients showed more severe clinical features and findings using supplementary tests. Considering the lack of intergroup differences in CTP, we conclude that the reaction to compression of the median nerve in elderly patients causes more severe clinical, radiological, and electrodiagnostic features.
INTRODUCTION
Carpal tunnel syndrome (CTS) is a common entrapment neuropathy. It commonly affects middle-aged women 22) . Considering the rising aging population, elderly patients with CTS are increasingly being observed in clinical practice. Differences in the clinical presentations, findings of supplementary tests, and treatment outcomes of CTS between elderly and young patients remain debatable 3, 7, 24, 28) . We analyzed and compared intergroup differences in clinical characteristics and surgical outcomes of CTS between elderly and young patients. Additionally, we measured the carpal tunnel pressure (CTP) intraoperatively to evaluate the basic pathology of CTS.
MATERIALS AND METHODS

Patients
We retrospectively reviewed the electronic medical records of patients who were operated for CTS at our hospital between January 2010 and December 2016. CTS was diagnosed based on clinical features in addition to a nerve conduction study (NCS), electromyography (EMG), and ultrasonography (USG).
Severe symptoms refractory to conservative treatment and/or the presence of thenar atrophy were considered indications for surgery. Patients with secondary CTS such as CTS following trauma or CTS secondary to a mass lesion were excluded from this study. Patients aged ≥70 years were assigned to the elderly group (Group I) and those aged <70 years to the young patients group (Group II).
All patients underwent endoscopic surgery performed by a single surgeon (HJY) using Endocarp TM (Linvatec, Largo, FL, USA) as described in a previous report. In a few patients, the CTP was measured intraoperatively 1) . Patients who underwent pressure measurements had been previously informed regarding the nature of the study and written informed consent was obtained for measurement. This protocol of pressure measurement was approved by the Institutional Review Board of Fig. 1 . Technique of carpal tunnel pressure measurement: (A) Spiegelberg intracranial pressure catheter is used for pressure measurement. The catheter shows 2 markers (arrowheads). (B) Location of the catheter tip is adjusted such that the first marker, which is located near the tip, is placed at the site of the skin incision. Note that the marker is visible at the site of the skin incision (arrow).
Clinical symptoms were graded between Stage I and V using the historical-objective (Hi-Ob) scale proposed by Giannini et al. 6) as -I, nocturnal paresthesia only; II, nocturnal and diurnal paresthesia; III, presence of sensory deficit; IV, presence of thenar atrophy with, motor deficit of the median nerve; and V, plegia of the muscles of the median thenar eminence.
Electrophysiological Study and USG
Preoperative NCS were performed using standard surface stimulation and recording techniques (Nicolet Biomedical Instrument Co., Madison, WI, USA). Skin temperatures were maintained above 31.0℃. The median sensory nerve conduction velocity was orthodromically measured in the index finger-wrist segment and the median distal motor latency from the wrist 5 cm proximal to the recording electrode at the abductor pollicis brevis. The severity of CTS was assessed based on the results of NCS using a previously reported neurophysiological classification as: negative, minimal, mild, moderate, severe, and ex-treme 17) . Preoperative USG of the carpal tunnel was performed using HDI 3000 (Philips Medical Systems, Best, Niederlande), and Sequoia 512 (Acuson, Mountain View, CA, USA) by a radiologist who was blinded to the clinical findings. A 2-6 MHz linear array transducer was used. The cross-sectional area (CSA) of the median nerve was measured at 2 points: (1) at the mid-forearm and; (2) just proximal to the carpal tunnel, where the nerve swelling was most prominent. The absolute value of the CSA at the point just proximal to the carpal tunnel and the ratio of the nerve swelling at this point to the mid-forearm point were used for analysis.
Pressure Measurement
Pressures were measured using the Spiegelberg intracranial pressure (ICP) monitoring device connected to a parenchymal type catheter (Spiegelberg GmbH & Co., Hamburg, Germany).
After dissection of the subcutaneous fat, the ligament was identified and incised in a transverse direction. Using surface landmarks as reference points, the Endocarp cannula was inserted so that the distal end of the cannula was located just distal to the distal end of the ligament. The placement of the cannula into the carpal tunnel was confirmed endoscopically. Subsequently, the ICP catheter was inserted through the cannula into the carpal canal. The depth of insertion was adjusted such that the first marker of the catheter was located at the skin incision site (Fig. 1 ).
Assessment of Outcomes
Treatment outcomes were assessed based on a 4-level scale at the time of last follow-up: (1) Excellent -patients free of symptoms; (2) Good -patients with mild residual symptoms without disturbances in using the hand; (3) Fair -patients with residual symptoms with some disturbance in using the hand; (4) Poor -patients with no improvement or the occurrence of postoperative complications.
Statistical Analysis
Data were analyzed using a commercially available statistical software package (SPSS version 20.0; IBM Corp., Armonk, NY, USA). Intergroup differences in variables were assessed using the t-test and the Χ 2 test. A p-value <0.05 was considered statistically significant.
RESULTS
Demographic Characteristics
We performed 304 operations in 247 patients (57 patients presented with bilateral CTS). We operated 220 women and 27 men. Among these patients, 39 (15.5% of patients, 48 wrists) belonged to Group I. The median age of Group I was 74 years (range, 70-94 years). No significant difference was observed in the sex distribution between Groups I and II.
NCS Grades
All patients underwent EMG and NCS. Higher NCS grades was more common in Group I patients, and this difference was statistically significant (p<0.0001, Χ 2 test; Table 1 ). Thenar atrophy was observed in 25.0% of Group I patients (12/48) and in 12.1% of Group II patients (31/256). This difference was statistically significant (p=0.019, Χ 2 test).
Assessment of Preoperative Clinical Symptoms
Although the most common clinical symptom grade was 3 in both groups, a significant number of patients in Group 1 Ko YS et al.
The Nerve 4(2) October 2018 29 showed higher grades of symptoms. The intergroup difference in distribution of symptom grades was statistically significant (p=0.018, Χ 2 test; Table 2 ). (Fig. 3) .
USG and Assessment of CTP
Treatment Outcomes
Open conversion was done in three cases (F/47, F/43, M/53) during endoscopic surgery due to persistent bulging bursa and masking of transverse carpal ligament. There was no case of postoperative complication.
Follow-up data (over >4 weeks postoperatively) were available in 205 patients (250 wrists).
Of the 40 wrists evaluated in Group I, 35 showed excellent and good results (87.5%), whereas of the 210 wrists in Group II, 200 showed good results (95.2%). This intergroup difference in treatment outcomes was statistically significant (p=0.005, Χ and clinical symptoms (Hi-Ob scale) between Group I and II, age showed significant impact on worse outcome (cumulative logistic regression; Table 4 ).
DISCUSSION
CTS is the most common entrapment neuropathy 10) . Reportedly, the age-specific incidence for women gradually increases with age, peaks at the sixth decade and subsequently declines 14) . The prevalence of CTS ranges between 1.3% and 2.0% in the general population among individuals aged ≥25 years, and its incidence ranges between 0.3 and 3.3 per 1,000 person-year 3) . Reportedly, the incidence rate in middle-aged patients (40-49 years) and in patients aged >70 years is 2.8 and 1.4 per 1,000 person-year, respectively 19) . Differences in the clinical features and findings on EMG/NCS and USG between elderly and younger patients remain debatable. Reportedly, thenar atrophy is more common in the elderly group; however, the severity of clinical symptoms is debatable 4, 23) . A few authors report no significant differences in clinical symptom scales, duration of symptoms, and the presence of autonomic features except thenar atrophy. Others report diurnal paresthesia is significantly confined to the elderly group. Our study showed that severe clinical symptoms (using the Hi-Ob scale) and thenar atrophy were more common in Group I patients. A few authors suggest that the severity of symptoms might be related to the age-related decrease in peripheral nerve function, which is supported by the delay in the peripheral nerve conduction velocity in these patients 9) . In a series involving patients aged >70 years, 80% of the patients demonstrated electrophysiological study results indicating severe dysfunction of the median nerve 25) . Other studies have also reported similar results in elderly patients with CTS 9, 20) . It is suggested that results of NCS indicating severe disease could be related to delayed treatment owing to age-related reduced pain sensitivity because of reduced nerve membrane excitability 21) . Reportedly, the CSA of the median nerve was correlated with distal motor and sensory latencies of the median nerve and severity of CTS except in patients aged >80 years in whom CSA was not m regardless of severe CTS 13) . Our study demonstrated that Group I patients showed higher NCS grades and USG proven more severe median nerve swelling.
Considering that the basic pathology of entrapment neuropathy is nerve compression, pressure on the nerve serves as the basic pathophysiological factor. It is known that the CTP was increased in CTS patients compared to normal controls, and the pressure dropped after the division of transverse carpal ligament 1, 16) . The reported correlation between CTP and severity in NCS suggested increased CTP underlie that the functional alteration assessed by nerve conduction 8, 12) . Our data showed no significant intergroup difference in CTP before and after division of the transverse carpal ligament. To our knowledge, this is the first series to compare the effect of pressure on the median nerve based on age. This suggests no significant intergroup difference in the basic pathology. The extent of postoperative pressure relief was the same in both groups, suggesting that the basic pathology had been reversed to the same extent in both groups. It might be argued that pressure measurements could differ depending upon the site of measurement within the carpal tunnel. As previously reported, the highest point is the point at which the catheter is inserted such that the first marker of the catheter is located at the site of the skin incision 1) . Treatment outcomes in elderly patients with CTS remain controversial. Although a few authors have reported satisfactory postoperative outcomes in elderly patients 24) , others have reported poor postoperative outcomes in this population 2, 5, 15, 18) . Reportedly, functional status and symptom severity tend to show adequate postoperative improvement, although complete elimination of symptoms and restoration of function is unlikely 28) . This might be related to the accelerated decline in perceived peripheral nerve function and age-related muscle changes. The poor outcomes could be related to delayed peripheral nerve regeneration and changes in the response of Schwann cells and macrophages to injury in elderly patients 26) . It has also been shown that repair of segmental demyelination was nearly 2-fold slower in the aged group (5% significance level), even when comparing groups with the same preoperative distal motor latency 27) . Our data also showed poor outcomes in elderly patients. Because of the high frequency of higher NCS grade and more severe clinical symptoms, we adjusted its impact on outcome. The age showed significant impact on outcome after adjusting NCS grade and Hi-Ob scale, which means age is an independent prognostic factor ( Table 4) . Although the treatment outcome was poorer in Group I (87.5%) than in Group II (95.2%), it is comparable to the reported success rates for CTS operations (72-94%) 11) . All operations in our case series were performed by a single surgeon using a single surgical technique. Thus, our data are homogeneous compared to previous studies in which several surgeons performed operations using various surgical methods. Limitations of our study are: (1) We used clinical scales for symptom and outcome assessments; however, our study did not use objective questionnaires such as the Boston Carpal Tunnel or the Michigan Hand Outcomes questionnaires owing to the retrospective study design. (2) Our follow-up period was relatively short, which would therefore not accurately reflect the true surgical outcome in elderly patients considering their slow regeneration potential as described above. (3) A few patients (particularly those with good results) were lost to follow-up because they did not return to our outpatient clinic. It might be speculated that patients with favorable outcomes are more likely to be lost to follow-up because they do not feel the need to re-visit the hospital after discharge.
CONCLUSION
Based on clinical signs, USG, and electrophysiological studies, Ko YS et al.
The Nerve 4(2) October 2018 31 we observed that the severity of CTS was higher in elderly than that in younger patients. Our study suggests no difference in basic preoperative pathology and reversal of that pathology postoperatively in terms of CTP. Despite the poorer outcomes in elderly patients, surgical treatment of CTS could be a reasonable treatment option considering that most patients in both groups were satisfied with the results. We conclude that the clinical, radiological, and electrodiagnostic features indicating a more severe disease presentation in Elderly patients are attributable to the reaction to compression of the median nerve in this age group.
